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Resonant interband tunnel diodes with AIGaSb barriers
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The peak current density of InAs/AISb/GaSb/AISb/InAs resonant interband tunneling diodes has
been enhanced by replacing the AISb barriers with &Ga Sb that has a narrower band gap. The
devices were grown by molecular beam epitaxy and tested at room temperature. Diodes with
nominally identical 7-ML-thick ternary alloy barriers with=0.35 are found to have peak current
densities three times larger than those with AISb barriers. The peak-to-valley current ratio decreases
by only one third from 18 for the AlSb diodes to 12 for diodes with the ternary alloy barriers.
[DOI: 10.1063/1.1365940

Resonant interband tunneling diodéRITDs) in the that have a narrower band gap than AISb. This approach
InAs/AISb/GaSb materials systérare of interest for appli- offers the possibility of obtaining high current densities with
cations in highly functional, low power logic circuits capable thicker barriers that are easier to grow with a high degree of
of operating at frequencies approaching 100 GHzBe-  reproducibility.
cause the negative resistance peak occurs near 100 meV in Lapushkin, Zakharova, and Gergel, in a theoretical ar-
this material system, it may be possible to produce logidicle on interband tunneling, predicted that improvements in
circuits with lower power consumption than those made withi , could be obtained by using Al,GaSb alloys rather than
other material systenfsHigh speed applications require di- AISb for the barrierd! The theory predicts that a diode with
odes with a peak current density,, in the range of 25-A-thick alloy barriers withx=0.4 and a 65 A well will
10° Alcm? and a large peak-to-valley current ratig/V) to havel,=2X 10* Alcm? and P/\=20 at room temperature.
minimize power dissipation. This communication reports onThe theory also predictl,=2X 10® Alcm? and P/\=9 for
an experimental test of the use of,ALGaSb alloy barriers, the same geometry with AISb barriers. These numbers sug-
which enhance the peak current densities of RITDs. The aggest that a factor of 20 increaselip and a doubling of the
sociated changes in the valley current are also discussed, a®a/ ratio may be obtained by using alloy barriers. The pre-
large increase in the peak current is of little use if it is ac-dictions listed above for a diode with AISb barriers compare
companied by a large increase in the valley current. well with values ofl,=1.3x 10° Alem® and P/\=18 mea-

The inset in Fig. (a) illustrates the material and band sured by us for a device with 8 M(24 A) AISb barriers, and
structure of a RITD. Starting at the right and left sides of thea 27 ML (81 A) GaSb well. Alloy barriers also offer a tool
diagram are the narrow band gap InAs electrodes. Insidgor checking the validity of this and other tunneling
these layers are wide band gap AISb tunnel barriers, anghodels'!~'® By varying the Ga content in the barrier it is
finally inside the barriers is a GaSb well. An electron in thepossible to move both the conduction and valence band
conduction bandCB) of an InAs electrode tunnels through edges in the barrier relative to the band edges of the InAs
the band gap of an AISb barrier into the valence b&i)  glectrodes and GaSb well.
of the GaSb well, through the second AISb barrier into the  The use of A]_,GaSb has an additional advantage over
CB of the other InAs electrode. This band structure results ilm|Sp, as it is more closely lattice matched to the GaSb and
high peak current densities, and large peak-to-valley currenhas used in the diodes. This could have a positive effect on
ratios at biases near 100 meV at room temperature. the P/V ratio by reducing the number of strain-induced de-

The tunneling barrier thickness and barrier height argects that are likely to increase the valley currétt.
key parameters in determinirlg in tunnel diodes, and for Some preliminary work exploring the use of;ALIn,Sb
RITDs with 3 ML AISb barriersl, is near 4<10° Alcm?.  parriers is also presented. ;ALIN,Sb alloy barriers also
The factors determining the P/V ratio are not as well underyaye a narrower band gap than AISb, and their use is ex-
stood, but P/¥8 is typical for RITDs with 3 ML AISb - pected to increask,, but the experiments need to be done to
barners..‘ H|gher. current densities are expepted with th'”'determine the amount of improvement.; AlIn,Sb barriers
ner barriers ad, increases exponentially with decreasing yj| have a larger lattice mismatch than AlSb barriers with
barrier thickness. Simply decreasing the barrier thickness bgpe other components of the diodes, and the additional strain
comes problematic in terms of reproducibility from growth js expected to make it more difficult to grow barriers free of
to growth and across a wafer in one growth as the barriefefects that add to the valley current.
thickness approaches 3 ML or less. An alternate and as yet The diodes examined here were grown by molecular
not experimentally explored approach to increasings ©©  peam epitaxy on InAs substrates. A buffer layer consisting of
reduce the barrier height by using;ALGaSb alloy barriers 4 um of n* InAs (3x 10 Si cm %) was grown first. The
RITD structure, as illustrated by the inset in Figa)l con-
dElectronic mail: Magno@bloch.nrl.navy.mil sists of a pair of nominally identical AlL,GaSb barriers
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FIG. 1. (a) Dependence of the peak current density on the Ga fraction forFIG 2 D d f th K densi he Ga fraction f
samples with nominally identical 7-ML-thick Al,GaSb barriers(b) P/V C (a). ependence o t.e pea currgnt ensity on { e ba raction for
ratio for the samples. The inset (@) indicates the conduction band, CB, samples with nominally identical 10-ML-thick Al Ga,Sb barriers(b) P/V

valence band, VB, and Fermi enerdy; , of an interband tunnel diode. ratio for the samples. The lines are guides to the eye.

sandwiching a 27 ML GaSb well. The InAs 40 MIL2 nm) data, while no threshold is found for the 10 ML data. The
layers adjacent to both AlISb barriers were undoped, and thpeak currents are slightly asymmetric with the negative bias
next 30 nm InAs layers away from the barriers were dopedgeak currents being larger than the positive bias except for
with 1X 10'7 Si cmi 3. Finally, a 200 nm layer of $10'®Si  the 7 ML data atx=0.35 where the asymmetry in the peak
cm 3 InAs was grown on top of the RITD. Growth proce- currents changes with the positive bias current becoming
dures were used to form InSb interface bonds at the InAglarger than the negative bias current. These asymmetries in-
AlISb interfaces. Reflection high-energy electron diffractiondicate a higher tunneling probability for one barrier com-
(RHEED) measurements were used to calibrate growth ratepared to the other due to differences in the growth even
in order to determine the thicknesses of the RITD layersthough an effort was made to make them identical.
Sample temperatures during growth were 400 °C. The tem- The peak-to-valley current ratios for the 7 and 10 ML
perature was monitored by a thermocouple, calibrated by obsamples exhibit different behavior as the Ga fraction in the
serving the InAs (X 4)— (4% 2) transition in RHEED. The barrier increases. P/V increases with increasirigr the 10
temperature of the Ga and Al sources were set to have BIL samples, while it is constant for the 7 ML samples for
barrier growth rate of 0.5 ML/s. As only one Ga source wasx=<0.1 and decreases for larger valuex.ofhe most signifi-
used, this set the growth rate for the GaShb well, but this ixant difference occurs in the 7 ML P/V data fo< 0.1 where
not expected to have a significant impact. Standard photoliP/V~20 for negative bias and 16 for positive. Near 0.1
thography techniques were used to pattern Ti/Pt/Au ohmit¢he P/V ratio converges and decreases linearly reaching
contacts with diameters ranging from 2 to »®n. Mesas about 12 atx=0.35 with the negative bias ratio being the
were formed by using the ohmic contacts as the etch stop ilarger one. It is important to note that while the peak current
a wet etching process. Current—voltage YY) measurements density increases by almost a factor of 3, the P/V ratio only
were made at room temperature by tensioning a fine goldecreases by about one third to 12 for the 7 ML samples.
wire point contact against the ohmic contact. In the datarhis is still a reasonably large value. It is not understood
plots, “positive bias” means the top of the mesa is biasedwhy P/V increased for the 10 ML data but decreased for the
positively with respect to the substrate. The data represem ML data. As noted above, for a diode similar to the 7 ML
average values for several mesas measured on a chip.  one reported here, the model by Lapushkin and co-workers
The current densities and P/V ratios for a series ofpredicts twofold improvement in P/V on going froxs=0 to
samples with nominally identical top and bottom barriersx=0.41! The thickness dependence of the P/V ratio for di-
either 7 or 10 ML thick are shown in Figs. 1 and 2, respec-odes with AlSb barriers has a maximum near 7 ML suggest-
tively. Data for both bias polarities are presented, as the difing that the mechanism that dominates the valley current for
ferences are useful in evaluating the growth procedures thahick barriers is different from the one that dominates for
may result in barrier roughné€sand Ga segregatidhphe-  thin barriers
nomena. In both figures the peak current density increases by Some results for AL ,In,Sb barrier devices are shown
almost a factor of 3 with increasing although the threefold in Fig. 3. The asymmetry in thie-V reflects the fact that the
increase occurs at a smaller Ga concentration for the 10 Mbottom barrier in this device is 7 ML of AlSb and the top one
sample compared to the 7 ML one. The current has a threslis 7 ML of Al glng ,Sb. The In alloy was only used for the
old nearx~0.1 where it begins to increase for the 7 ML top barrier as the InSb lattice constant is larger than the InAs

Downloaded 03 May 2001 to 132.250.134.160. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/japo/japcr.jsp



J. Appl. Phys., Vol. 89, No. 10, 15 May 2001 Magno, Bracker, and Bennett 5793

achieving higher peak current densities with acceptable val-

2 ley currents.
& ' ] In summary, A _,GaShb has been used to replace wider
§ of 1 band gap AlISb barriers in InAs/GaSh/AISb interband tunnel-
E a1t _ ing diodes. The use of these narrow band gap alloys has
g ol ‘ | resulted in a threefold increase in the peak current density
< AR Al,,Ga, ,Sb compared to diodes with AISb barriers. The threefold current
- 3 v l improvement is obtained at=0.35 for diodes with 7 ML

4 . : : alloy barriers and at the smaller value>#f0.2 for diodes

-0.4 '0;2 0.0 02 04 with 10 ML barriers. The P/V ratio for the 7 ML alloy de-
Bias Voltage (V) vices decreased to 12, which is still a reasonable value for

FIG. 3. Comparison of the-V for three samples with similar 7 ML Aisb ~ POSsible applications. Interestingly, the P/V increased with
bottom barriers, and with top barriers of either Algbolid line or  increasing Ga concentration in the 10 ML diodes. Prelimi-
Algging ;S (long dashed lineor Alg /Ga sSb (short dashed line nary results have demonstrated the possibility of using

Al; _,In,Sb barriers.
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